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Seasonal home range dynamics and sex differences in habitat 
use in a threatened, coastal marsh bird



























seasonal	 patterns	of	movement,	 and	habitat	 use.	Using	 radiotelemetry,	we	 tracked	




dent	 male	 home	 ranges	 coincided	 essentially	 with	 their	 breeding	 territories.	
Overwintering	males	were	more	likely	than	females	to	be	found	in	natural	emergent	
marsh	with	a	greater	area	of	open	water.	Females	tended	to	have	larger	home	ranges	
than	males	during	 the	nonbreeding	season.	We	report	 for	 the	first	time	 the	use	of	
wooded	 natural	marsh	 by	 overwintering	 females.	 Brood-	rearing	 king	 rails	 led	 their	
young	 considerable	 distances	 away	 from	 their	 nests	 (average	 maximum	 distance:	
~600	±	200	m)	and	used	both	wooded	natural	and	impounded	marsh.	King	rails	moved	
between	 natural	marsh	 and	managed	 impoundments	 during	 all	 life	 stages,	 but	 the	
proximity	of	these	habitat	types	particularly	benefitted	brood-	rearing	parents	seeking	
foraging	areas	with	shallower	water	in	proximity	to	cover.	Our	results	demonstrate	the	
importance	of	 interspersion	of	habitat	 types	 to	support	 resident	breeders.	Summer	
draining	of	impounded	wetlands	that	are	seasonally	flooded	for	wintering	waterfowl	
allows	 regrowth	of	 vegetation	and	provides	 additional	 habitat	 at	 a	 critical	time	 for	
wading	birds.
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variables	 such	 as	 population	 size	 (Wunderle,	 1995),	 intraspecific	
competition	 (Greenberg,	 1986),	 habitat	 quality	 (Kelley	 et	al.,	 2011),	
and	 resource	 availability	 (Rolando,	 1998).	 Food	 availability	 and	 spa-
tial	requirements	may	change	seasonally	resulting	 in	modification	of	
the	home	 range	 (Takano	&	Haig,	 2004).	Habitat	 characteristics	 that	
affect	home	range	size	in	turn	impact	local	distribution	and	abundance	
(Morris,	1987).	Moreover,	individual	variation	in	habitat	use	can	lead	
to	 population	 structuring	 (Parrish	 &	 Sherry,	 1994).	 Identifying	 crit-
ical	 habitat	 requirements	 for	 rare	 and	 declining	 species	 can	 inform	













the	 king	 rail	 recently	 being	 uplisted	 globally	 to	 “Near	 Threatened”	
status	 (Birdlife	 International).	 In	contrast	to	recent	studies	that	have	
focused	 primarily	 on	 nesting	 habitat	 and	 site	 occupancy	 during	 the	







We	 used	 radiotelemetry	 to	 investigate	 seasonal	 movements,	













South	 Carolina;	 although	 clapper	 rails	 were	 abundant	 and	 accessi-
ble,	 too	 few	king	 rails	 could	be	captured	 for	a	 radiotelemetry	 study	
(Ricketts,	2011).
Our	second	objective	was	to	determine	whether	home	range	size	
varied	 between	 the	 breeding	 and	 nonbreeding	 seasons.	 Individual	










nerable	at	 this	 stage	 (Meanley,	1969).	We	 interpret	our	 results	with	
respect	to	the	implementation	of	management	strategies	that	address	
species	requirements	at	different	life	stages.
2  | MATERIALS AND METHODS
2.1 | Study area
Research	was	conducted	at	Mackay	 Island	National	Wildlife	Refuge	
(hereafter,	 “the	 refuge”)	 in	 the	 Intracoastal	Waterway	of	northeast-
ern	 North	 Carolina,	 between	 June	 2012	 and	 May	 2014.	 This	 site	





emergent	 vegetation	 including	 black	 needlerush	 Juncus roemerianus 





2.2 | Capture methods, morphometrics, and 
transmitter design
Methods	used	to	capture	king	rails	varied	by	season.	We	conducted	
spotlighting	 from	 an	 airboat	 at	 night	 in	 the	 nonbreeding	 season.	
During	 the	mate-	finding	 period,	we	 deployed	 a	whoosh	 net	with	 a	
call	lure.	To	catch	breeders,	we	used	mist	nets	to	surround	their	nests	
during	the	last	week	of	incubation	(for	additional	details,	see	Clauser	&	



















At	 the	time	of	banding,	 a	50-	μL	blood	 sample	was	drawn	 from	 the	
brachial	 vein	 and	 stored	 in	~1.5	mL	100%	ethanol.	 Sex	 could	often	
be	 determined	 from	morphometrics	with	males	 being	 larger	 on	 av-




helicase	 DNA-	binding)	 gene	 (Perkins,	 King,	 Travis,	 &	 Linscombe,	
2009),	but	we	used	as	a	downstream	primer,	1237L	 from	Kahn,	St.	













in	 relation	 to	GeneScan	600	LIZ	size	 standard	 (Applied	Biosystems)	
using	GeneMapper	software	(version	4.0;	Applied	Biosystems).
2.4 | Field protocol and spatial analysis
All	fixes	from	radio-	transmitters	were	manually	acquired	using	a	port-
able	handheld	 receiver	 (Advanced	Telemetry	Systems,	model	R410)	
and	 a	 three-	element	 folding	Yagi	 antenna.	We	 typically	 tracked	 in-
dividuals	within	a	 few	hours	 to	determine	whether	 they	were	mov-
ing,	 but	 the	 first	 location	 with	 habitat	 data	 was	 recorded	 at	 least	
24	hr	after	attachment	of	the	transmitter,	 in	case	capture	may	have	
influenced	 their	 movements.	 Thereafter,	 locations	 of	 each	 individ-














Individuals	 were	 tracked	 at	 varying	 times	 between	 sunrise	 and	
sunset	 (usually	 between	 06:00	 and	 18:00	h	 Eastern	 Summer	 Time	
during	 the	 breeding	 season).	 Scheduling	was	 opportunistic	 as	 there	
was	often	a	need	to	 track	 two	or	more	 individuals	 in	distal	parts	of	
the	refuge.	This	was	balanced	with	the	need	to	complete	other	time-	
sensitive	 field	 activities	 such	 as	 captures	 and	 nest	 monitoring.	 On	
some	 occasions	 during	 the	 nonbreeding	 season	 and	 early	 breeding	
season,	it	took	hours	to	locate	a	bird.	This	varied	according	to	habitat	
type	 (signals	 tended	 to	 be	weaker	 and	more	 attenuated	 in	wooded	
areas)	and	how	far	the	birds	had	moved.
Fixes	were	 obtained	 in	 one	 of	 two	ways.	 First,	we	 triangulated	








with	 an	 error	 ellipse	 >10	ha	 from	 three	 different	 birds	 because	 the	
birds	had	likely	moved	during	triangulation.
Second,	we	 conducted	 “walk-	ins”	where	 birds	were	 followed	 in	
the	marsh	 until	visual	 or	 auditory	 detection	was	made.	These	were	
necessary	to	characterize	specific	microhabitat	use.	Birds	caught	while	
incubating	were	monitored	more	 frequently	 for	 possible	 changes	 in	
behavior	or	location	directly	before	and	after	their	clutches	hatched.	
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Phragmites).	We	estimated	 that	 the	minimum	breeding	 territory	 size	
during	nesting	was	about	1	ha,	so	these	points	would	reasonably	rep-






































maximum	 distance	 between	 locations	 using	 Geospatial	 Modelling	
Environment	(GME	version	0.7.2.1,	Spatial	Ecology	LLC)	for	each	bird.	
















3.2 | Seasonal and sex- related variation in home 
range size




gathered	during	 the	brood-	rearing	period	 (n = 95)	when	parents	are	
no	 longer	 constrained	 to	 return	 to	 their	 nests.	Considering	only	 in-




Nevertheless,	 visual	 inspection	 revealed	 that	 for	 males,	 there	 was	
substantial	overlap	 in	 the	core	area	 in	which	 the	nest	was	situated.	




ber	 of	 fixes)	 on	 home	 range	 size,	 we	 compared	 home	 range	 sizes	
of	 seven	birds	with	 >40	data	 points	 each	 (range:	 42–69)	with	 their	
estimated	 home	 range	 sizes	 after	 randomly	 subsampling	 30	 points	
each	 (paired	 samples	 t6	=	−1.27,	p = .25)	 and	20	points	each	 (paired	
samples	t6	=	−1.85,	p = .11).	Thus,	randomly	reducing	the	number	of	
data	 points	 did	 not	 significantly	 affect	 the	measure	 of	 home	 range	
size.	Notwithstanding,	the	total	number	of	days	that	individuals	were	
tracked	explained	a	significant	proportion	of	variance	in	home	range	
size	 (R2	=	.48,	 F1,13	=	11.4,	 p = .006).	 However,	 this	 was	 strongly	
F I G U R E  1 An	adult	king	rail	bathing	near	its	nest	(Photograph:	
Robert	Gundy)
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influenced	 by	 data	 from	one	 female	 that	was	 tracked	 for	 368	days,	




king	 rails	 captured	 between	 November	 3	 and	March	 9	were	 male.	
Captures	in	winter	were	all	in	open	marsh	habitat	that	was	navigable	




Most	microhabitat	 variables	measured	 in	 this	 study	 did	 not	 dif-
fer	 between	 the	 sexes.	 However,	 males	 had	 a	 significantly	 greater	
percentage	 of	 open	water	within	 their	 home	 ranges	 (34	±	3%)	 than	
	females	(24	±	3%;	t11	=	2.25,	p = .046).	Female	home	ranges	contained	




The	 overall	 mean	 distance	 traveled	 between	 locations	 was	
262	±	44	m,	 and	 the	 average	maximum	distance	 per	 individual	was	
884	±	169	m	 (N	=	15	 birds).	 Mean	 distance	 moved	 between	 fixes	
did	 not	 differ	 significantly	 between	 the	 sexes	 (means	=	347	±	65	m	
(six	 females),	205	±	53	m	 (eight	males),	F1,13	=	2.87,	p = .11),	nor	did	
maximum	distance	 travelled	 (mean	maximum	=	1,131	±	263	m	 for	6	
females,	718	±	215	m	for	8	males,	F1,13	=	1.48,	p = .25).
Of	eight	king	rails	tracked	at	the	refuge	during	both	the	breeding	
and	 the	 nonbreeding	 seasons	 (three	males	 and	 five	 females),	 seven	
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remained	on	the	island,	confirming	year-	round	residency	of	these	in-
dividuals.	The	exception	was	a	breeding	female,	captured	on	27	June	















“kek”	calls	 that	are	known	to	 function	 in	mate	attraction	 (Zembal	&	
Massey,	1985).	He	briefly	 returned	 to	his	 territory	 and	 then	moved	






tagged	 support	 that	 this	 breeding	 population	 is	 at	 least	 partially	
resident.	 One	male	 captured	while	 spotlighting	 from	 the	 airboat	 in	





We	 tracked	 six	 king	 rail	 parents	 (four	males	 and	 two	 females)	 dur-
ing	the	brood-	rearing	period.	As	broods	became	more	mobile	2	weeks	
posthatching,	 they	became	more	difficult	 to	detect	 in	 the	emergent	
vegetation,	often	stealthily	moving	away	with	the	adult.	The	longest	












Number of birds 
tracked
Mean (range) independent 
locations 95% kernel density (ha)
50% kernel density 
(ha)
Breeding	(Apr	1	-	Aug	31) 13 28	(15–48) 22.5	±	6.9	(1.0–70.8) 3.1	±	1.1	(0.07–13.3)
Nonbreeding	(Sept	1	-	Mar	31) 10 21	(14–34) 15.6	±	3.5	(0.5–34.4) 2.1	±	0.5	(0.07–4.9)
Annual	average 15 38	(14–69) 19.8	±	5.0	(1.0–69.8) 2.5	±	0.9	(0.1–13.6)
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broods	 moved	 a	 mean	 distance	 of	 312	±	144	m	 from	 their	 nest	
sites.	 Broods	moved	 on	 average	 157	±	13	m	 between	 sightings	 (an	
approximation	of	their	mean	daily	movement	rate).	Over	the	course	
of	 the	dependent	period,	broods	moved	a	mean	maximum	distance	
of	 581	±	211	m	 from	 their	 nests	 over	 a	 mean	 of	 28.0	±	4.5	days	
(range	=	8–39).	The	greatest	distance	traveled	by	a	brood	was	more	
than	one	kilometer	 in	1	day.	The	radio-	tagged	female	 led	her	brood	
from	 the	vicinity	of	 the	nest	 site	 in	 emergent	marsh,	 across	 an	 im-
poundment	to	a	wooded	marsh	5	days	after	the	 last	chicks	hatched	
(Figure	3a).	The	family	may	have	alternatively	travelled	along	a	refuge	
road	with	 little	 to	no	 cover.	However,	 this	brood	was	 subsequently	
led	from	the	natural	wooded	marsh	back	into	the	impoundment	when	
a	 5-	day	 high-	water	 event	 caused	 by	 strong	 sustained	 south	winds	
	occurred	in	the	natural	marsh.
Three	of	 six	 radio-	tagged	brood-	rearing	parents	 fed	 their	 broods	
in	 impoundments.	 Although	 the	 unbanded	 (nontracked)	 parent	 was	
rarely	visible,	dual	alarm	calling	was	commonly	heard	during	walk-	ins	
confirming	 the	presence	of	 two	parents	with	 the	brood.	Two	broods	





providing	 better	 canopy	 cover.	 Cattail	 stems	 are	 softer	 and	 grow	 at	
lower	densities	that	may	be	easier	for	chicks	to	navigate.	A	third	brood	
hatched	from	a	nest	immediately	adjacent	to	an	impoundment	where	
the	 parent	 was	 observed	 foraging	 on	 five	 separate	 occasions.	 The	
brood	was	brought	to	an	area	dominated	by	invasive	Phragmites	with	




3.5 | Impoundment use by king rails
Impoundments	 on	 the	 refuge	 are	 routinely	 drawn	 down	 in	 spring,	
after	what	is	estimated	will	be	the	last	cold	front	of	the	spring	sea-





between	 0.6	 and	 0.8	m	 of	 the	water	 depth	was	 drained	 from	 the	
impoundments,	 initially	 creating	 expansive	 mudflats	 with	 sporadic	
Phragmites	and	Typha sp.	cover.	These	gradually	became	overgrown	






































both	 in	 the	 impoundments	 and	 in	 natural	marsh,	 except	 during	 the	
nonbreeding	period	when	water	levels	were	high.	We	predicted	that	
adults	 frequenting	 impoundments	would	have	smaller	home	 ranges,	
because	they	may	not	have	had	to	travel	as	far	between	prey	 items	
when	 foraging.	 However,	 home	 ranges	 adjacent	 to	 impoundments	
were,	on	average,	not	different	 in	 size	 from	home	 ranges	 that	were	
not	(n = 7	adjacent	and	8	nonadjacent;	t14	=	0.05,	p = .96).	There	was	
a	 negative	 correlation	 between	 breeding	 home	 range	 size	 and	 per-




Atlantic	 coast	 provided	 insights	 into	 the	 spatiotemporal	 ecology	
of	 a	 declining	 and	 secretive	marsh	 bird.	We	 determined	 that	 some	
individual	 king	 rails	 maintain	 year-	round	 residency.	 The	 presence	
of	 radio-	tagged	 individuals	 during	 both	 breeding	 and	 nonbreeding	





this	 site	 awaits	 genetic	 confirmation	 (Brackett,	Maley,	 Brumfield,	&	
McRae,	2013).	The	combination	of	natural	marsh	and	managed	 im-





The	 estimated	mean	 breeding	 home	 range	 sizes	 of	 king	 rails	 in	
this	study	were	larger	than	those	reported	in	Louisiana	(0.8–32.8	ha)	






well	as	to	those	of	Ridgway’s	rails	Rallus obsoletus yumanensis	 (126–





Tracking	 in	 this	 study	was	conducted	with	a	conventional	hand-
held	receiver,	and	we	were	not	able	to	be	out	in	the	field	as	often	in	
the	nonbreeding	season	compared	to	the	breeding	season.	In	a	study	
of	Mariana	moorhens	Gallinula chloropus guami,	 sampling	during	 the	
rainy	(nonbreeding)	season	occurred	at	a	reduced	frequency,	likely	for	
similar	 reasons	 (Takano	&	Haig,	2004).	Taking	points	 less	 frequently	
during	 the	nonbreeding	 season	may	have	actually	 reduced	 the	pos-
sibility	that	we	inadvertently	altered	the	movements	of	rails	at	a	time	
when	birds	may	 feel	more	vulnerable	 and	flighty.	New	 satellite	 and	
remote	stationary	receiver	technologies	will	eliminate	these	concerns	
in	future	studies.
Importantly,	 the	 inclusion	 of	 location	 data	 from	 brood-	rearing	











with	 animal	 prey	 constituting	 nearly	 90%	of	 its	 spring	 and	 summer	
diet	but	only	58%	of	the	winter	diet	(Meanley,	1953).	Anecdotally,	we	
observed	 that	 there	was	 still	 abundant	 terrestrial	 arthropod	prey	 in	
the	marsh	 through	October	when	 other	migratory	 rails	 arrive	 from	
northern	 breeding	 grounds.	 A	 decrease	 in	 invertebrate	 abundance	
during	the	winter	may	compel	king	rails	to	revert	to	using	smaller	areas	
with	 a	 greater	 abundance	 of	 edible	 plants	 such	 as	 browntop	millet	
(Panicum ramosum)	found	within	impoundments,	tubers	of	arrowhead	
(Sagittaria),	and	woody	plant	seeds	(Meanley,	1953;	Nassar,	Chabreck,	











ject	 to	wind-	driven	tides.	 In	winter	months,	 strong	 sustained	north	
winds	decrease	water	 levels	 to	 reveal	 expansive	mudflats	 that	may	
temporarily	 increase	 foraging	 opportunities	 leading	 to	 home	 range	
contraction.
Male	 king	 rails	 had	 smaller	 home	 ranges	 on	 average	 than	 fe-
males	during	the	nonbreeding	period.	Males’	home	ranges	also	had	a	
greater	percentage	by	area	of	open	water,	on	average,	suggesting	that	
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with	more	open	water	also	had	smaller	core	areas	and	tended	to	have	
shorter	maximum	displacements	between	fixes	(Pickens	&	King,	2013).





Pinus palustris	woodlands	 endowed	with	 damp	 hollows	 for	 crayfish,	
and	also	among	stands	of	 loblolly	pine	Pinus taeda	 in	Maryland	wet-
lands	with	 a	 thick	year-	round	 ground	 cover	 of	 switchgrass	Panicum 
virgatum.	 Remarkably,	 in	 our	 study,	 the	 majority	 of	 king	 rails	 cap-
tured	overwintering	 in	 the	open	marsh	were	male.	Whereas	 four	of	
five		females	tracked	during	this	period	resided	in	wooded	marsh	with	
stands	of	 loblolly	pine,	 suggesting	 sexual	 segregation	 in	habitat	 use	




Female	 home	 ranges	 had	 a	 greater	 percentage	 of	 southern	wax	
myrtle,	a	common	shrub	species	offering	canopy	cover	and	potentially	
also	forage.	Clapper	rails	wintering	along	the	Atlantic	coast	have	been	
similarly	 observed	 to	 move	 from	 low	 to	 high	marsh	with	 a	 greater	
abundance	of	southern	wax	myrtle	 (Adams	&	Quay,	1958).	Females	
tended	to	move	greater	distances	between	successive	tracking	points	
than	males	 during	 both	 the	 breeding	 and	 the	 nonbreeding	 periods,	







in	 rails,	 but	 it	 is	 well	 documented	 in	 various	 Neotropical	 migrants	
(Morton,	 1990;	Ornat	&	Greenberg,	 1990;	 Parrish	&	 Sherry,	 1994).	
For	example,	males	have	been	shown	to	defend	higher	quality	habitat	
on	wintering	grounds,	while	 females	use	marginal	habitat	 (Parrish	&	
Sherry,	 1994;	Wunderle,	 1995),	 presumably	 due	 to	 competitive	 ex-
clusion	by	males,	with	 food	availability	 likely	being	 the	driving	 force	
behind	habitat	 selection	during	 the	winter	period	 (Parrish	&	Sherry,	








King	 rail	 broods	 moved	 a	 substantial	 distance	 from	 their	 nests	
within	 the	 first	 few	 days	 of	 hatching.	 Considering	 chicks	weigh	 an	
average	 of	 only	 14–16	g	 when	 they	 hatch	 (J.	 Kolts	 and	 S.	 McRae,	





fowl,	 king	 rail	 chicks	 are	 dependent	 on	 parental	 feedings	 (Meanley,	
1969).	King	rail	broods	were	never	in	the	same	location	between	suc-
cessive	 tracking	days.	Frequent	moving	may	 indicate	prey	depletion	
(Brinkhof,	1997),	or	 they	may	move	 in	 relation	 to	variation	 in	water	
level	which	can	limit	prey	accessibility	and	offspring	mobility	(Bancroft,	
Gawlik,	 &	 Rutchey,	 2002).	 Chicks	 of	willow	 grouse	 Lagopus lagopus 
move	 more	 frequently	 in	 areas	 with	 lower	 insect	 abundance,	 and	
adults	with	broods	 traveled	greater	distances	 than	those	without	 to	
satisfy	the	nutritional	needs	of	their	young	(Erikstad,	1985).	A	family	of	
king	rails	could	quickly	deplete	an	area	of	accessible	invertebrate	prey.
The	 increased	 movements	 of	 brood-	rearing	 parents	 may	 alter-
natively	 reflect	 predator	 avoidance.	 Estimated	 survival	 rates	 in	 the	









king	 rails	 with	 broods	 remained	 within	 the	 impoundments	 where	
water	 level	 remained	constant,	but	 returned	to	natural	marsh	when	
water	levels	receded	to	normal	levels.	This	underscores	the	selection	




because	 rail	 broods	 may	 converge	 on	 favorable	 habitat,	 estimat-







per	 capita	 space	 requirements	 than	 previously	 reported.	 Marshes	






sus	 stable	water	 levels	 at	 critical	 life	 stages.	While	 hydrologic	 vari-
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